We investigated the effects of nitric oxide (NO) fumigation on fruit ripening, chilling 2 injury, and quality of Japanese plums cv. 'Amber Jewel'. Commercially mature fruit 3 were fumigated with 0, 5, 10, and 20 µL L -1 NO gas at 20 °C for 2 h. Post-fumigation, 4 fruit were either allowed to ripen at 21 ± 1 °C or were stored at 0 °C for 5, 6, and 7 5 weeks followed by ripening for 5 d at 21 ± 1 °C. NO-fumigation, irrespective of 6 concentration applied, significantly (P ≤ 0.5) suppressed the respiration and ethylene 7 production rates during fruit ripening at 21 ± 1 °C. At 21 ± 1 °C, the delay in fruit 8 ripening caused by NO-fumigation was evident from the restricted skin colour 9 changes and retarded fruit softening in fumigated fruit. NO treatments (10 and 20 µL 10 L -1 ) delayed the decrease in titratable acidity (TA) without a significant (P ≤ 0.5) 11 effect on soluble solids concentration (SSC) during fruit ripening. During 5, 6, and 7 12 weeks of storage at 0 °C, NO-fumigation was effective towards restricting changes in 13 the fruit ripening related parameters, skin colour, firmness, and TA. The individual 14 sugars (fructose, glucose, sucrose, and sorbitol) profiles of NO-fumigated fruit were 15 significantly different from non-fumigated fruit after cold storage and ripening at 21 ± 16 1 °C. CI symptoms, manifested in the form of flesh browning and translucency, were 17 significantly lower in NO-fumigated fruit as compared to non-fumigated fruit after 5, 18 6, and 7 weeks storage and followed by ripening for 5 d at 21 ± 1 °C. NO-fumigation 19 was effective in reducing the decay incidence in plum fruit during ripening without 20 storage and after cold storage at 0 °C for 5, 6, and 7 weeks. In conclusion, the 21 postharvest exposure of 'Amber Jewel' plums to NO gas (10 µL L -1 ) delayed fruit 22 ripening by 3-4 d at 21 ± 1 °C, and also alleviated chilling injury symptoms during 23 cold storage at 0 °C for 6 weeks. 24
Instruments Ltd, Hampshire, UK) interfaced to a personal computer with Nexygen® 3 software. A 5/16" Magness-Taylor probe, with a 500 N load cell on, punctured the 4 peeled fruit at a crosshead speed of 100 mm min −1 to 7.5 mm depth. Five fruit per 5 replication were subjected to firmness test with each fruit punctured on both the sides 6 at equatorial region. The firmness was expressed as newtons (N). 
SSC and TA 19
To determine the SSC of fruit juice, a digital refractometer (Atago-Palette PR 101; 20 Atago Co., Tokyo, Japan) was used and SSC was expressed as % soluble solids. To 21 determine the TA, juice was titrated against 0.1 N NaOH solution using 22 phenolphthalein as an indicator to pH 8.2, and was expressed as % malic acid. 23 24
Extraction and determination of soluble sugars 25
8 Flesh tissue (~15 g) was homogenized with 15 mL of extraction buffer containing 3 % 1 metaphosporic acid, 2 mM ethylenediaminetetracetic acid (EDTA), and 1 % 2 polyvinylpolypyrrolidine (PVPP) followed by centrifugation at 15,000 g for 20 min at 3 4 °C. After centrifugation, 10 mL of each supernatant was flushed through a pre-4 conditioned Sep-Pak C-18 cartridge (Waters, Milford, MA, USA). Finally, the sample 5 extract was filtered through the 0.2 μ nylon syringe filter [Alltech Associates 6 (Australia) Ltd., NSW, Australia] and loaded into the 1 mL glass vial. 7
The reverse phase-liquid chromatography was performed for the determination 8 of individual sugars using a high performance liquid chromatography (HPLC) system 9 (Waters, Milford, MA, USA). An aliquot (20 µL) of the extract was injected using an 10 autosampler. Separation of sugars was performed isocratically with 0.005 N H 2 SO 4 + 11 16 % acetonitrile as a mobile phase flowing at 0.3 mL min -1 using Aminex® 87 X-H 12 column (300 mm x 7.8 mm; Bio Rad Laboratories, Hercules, CA, USA) which was 13 preceded by a micro-guard cartridge (Carbo-C 30 mm x 4.6 mm; Bio Rad 14 Laboratories, Hercules, CA, USA) maintained at 25 °C. The detection of sugars was 15 carried out using a refractive index detector (Waters 2414, Milford, MA, USA). The 16 concentrations of different sugars-fructose, glucose, sorbitol, and sucrose, were 17 expressed as g 100g -1 on fresh weight basis. 18 19
Chilling injury (CI) index 20
The incidence of CI was assessed immediately after 5, 6, and 7 weeks of storage at 0 21 °C, and after 5 d of ripening at 21 ± 1 °C. Fifteen plums per replication (three 22 replicates) for each treatment were cut around the equatorial axis, the two halves of 23 each fruit twisted in opposite directions, and the mesocarp was examined for CI 24 symptoms particularly, flesh browning and translucency. CI index was determined 25 using an arbitrary scale (0-5) based on the surface area of fruit flesh affected. The 26 9 scale used was: 0, 0 % area affected; 1, 1-20 % area affected; 2, 21-40 % area 1 affected; 3, 41-60 % area affected; 4, 61-80 % area affected; 5, 81-100 % area 2 affected. CI index was calculated by multiplying the number of fruit scored with the 3 same value of the hedonic scale with the corresponding scale number. Finally, the 4 resultant number was divided by the total number of fruit. 5 6
Decay incidence 7
Fruit showing symptoms of rot, irrespective of the severity, were considered a loss. 8
The decay incidence was recorded in fruit kept at 21 ± 1 °C after 9 and 12 d. 9
Similarly, decay incidence was recorded in fruit stored for 5, 6, and 7 weeks at 0 °C, 10 and also subsequent to ripening at 21 ± 1 °C for 5 d. The percent decay incidence was 11 determined by following the formula: (X/Y) x 100, in which X is the number of fruit 12 decayed and Y is the total number of fruit kept for observations at the beginning of 13 storage. 14 15
Statistical analyses 16
The experimental data were subjected to Genstat (release 9.1; Lawes Agricultural 17 Trust, Rothamsted Experimental Station, Rothamsted, UK) using two-way analysis of 18 variance (ANOVA) including treatments and storage period. The effects of various 19 treatments and storage period were assessed using two-way ANOVA and Fisher's 20 least significant differences were calculated following a significant (P ≤ 0.05) F test. 21
All the assumptions of ANOVA were checked to ensure validity of statistical analysis. 22 
Results 24
3.1 Respiration and ethylene production rate 25 1 reduced the rate of respiration during fruit ripening in 'Amber Jewel' plums at 21 ± 1 2 °C (Fig. 1A) . Non-fumigated fruit exhibited a respiratory climacteric on the 7 th and 8 th 3 day of fruit ripening. Respiration rate of NO-fumigated fruit was about 2-fold lower 4 than non-fumigated fruit on the 7 th day of fruit ripening. The differences in the 5 respiration rates of fruit fumigated with 10 and 20 µL L -1 NO were non-significant, 6 but were significantly (P ≤ 0.5) lower than those fumigated with 5 µL L -1 NO . 7 NO concentrations of 10 and 20 µL L -1 significantly (P ≤ 0.5) inhibited the 8 ethylene production rate in 'Amber Jewel' plums during fruit ripening at 21 ± 1 °C as 9 compared to 0 and 5 µL L -1 NO (Fig. 1B) . Non-fumigated fruit exhibited a rise in 10 ethylene production during fruit ripening and achieved a climacteric peak on the 6 th 11 day. Fumigation of fruit with 10 and 20 µL L -1 NO completely inhibited the ethylene 12 production for the first 8 d of ripening. However, ethylene production was resumed on 13 the 5 th day in fruit subjected to 5 µL L -1 NO-fumigation and a peak in ethylene 14 production rate, about 4-fold lower than the non-fumigated fruit, was observed on the 15 following day. 16 17
Flesh firmness 18
Throughout the ripening period at 21 ± 1 °C, NO-fumigated fruit had a significantly 19 (P ≤ 0.5) higher flesh firmness than non-fumigated fruit ( Fig. 2A) . During the first 9 20 d, the decrease in flesh firmness in fruit exposed to 0, 5, 10, and 20 µL L -1 NO was 21 2.9-, 1.6-, 1.5-and 1.6-fold, respectively. Fruit fumigated with 0, 5, 10, and 20 µL L concentrations were 1.4-, 1.6-, 1.5-fold higher than non-fumigated fruit. After each 8 storage interval, 5, 6, and 7 weeks, flesh firmness further decreased during fruit 9 ripening at 21 ± 1 °C for 5 d. All NO-treatments significantly reduced the fruit 10 softening during ripening subsequent to storage for 5, 6, and 7 weeks. The positive 11 effects of NO-fumigation on the retention of fruit firmness during ripening declined 12 significantly on weeks 6 and 7, but fruit fumigated with 10 and 20 µL L -1 13 concentrations were, respectively, 1.6-and 2.4-fold firmer than non-fumigated ones. 14 15
Skin colour 16
All NO-fumigation treatments significantly (P ≤ 0.5) restricted the changes in fruit 17 skin chromaticity L* and chroma (c*) values during ripening at 21 ± 1 °C (data not 18 shown). The decline in hue angle (h°) observed during 12 d of fruit ripening was 19 slower in NO-fumigated fruit than non-fumigated fruit (Fig. 2C) . The hue angle 20 values of fruit fumigated with 0, 5, 10 and 20 µL L -1 NO were about 9.5-, 3.3-, 2.6-, 21 and 2.3-fold lower after 12 d than at harvest, respectively. 22
During storage at 0 °C for 5, 6 and 7 weeks, chromaticity values L* decreased 23 significantly (P ≤ 0.5) in non-fumigated fruit than in fumigated ones (data not shown). 24
The chroma values of fruit after 5 days at 21 ± 1°C subsequent to cold storage did not 25 differ significantly (P ≤ 0.5), irrespective of the NO-concentration applied (data not12 shown). Hue angle values decreased during storage as well as ripening, and were 1 lower in fruit fumigated with 20 µL L -1 NO compared to those fumigated with 10 µL 2 L -1 NO after 5, 6, and 7 weeks storage as well as plus 5 d of ripening at 21 ± 1°C (Fig.  3   2D) . 4 5 3.4 SSC, individual sugars, and TA 6 NO-fumigation did not significantly (P ≤ 0.5) affect the changes in SSC during fruit 7 ripening at 21 ± 1 °C (Fig. 3A) . However, an increase in the SSC was restricted to 8 some extent in the fumigated fruit. On the 12 th day, fruit fumigated with 20 µL L -1 NO 9 concentration had the highest SSC (13.97 %) followed by those fumigated with 5, 10, 10 and 0 µL L -1 NO concentrations (13.5, 13.4, and 12.97 %, respectively). NO-11 fumigation significantly (P ≤ 0.5) influenced the changes in concentrations of glucose, 12 sorbitol and sucrose, but not of fructose and total sugars, which is the sum of 13 individual sugars concentrations. The concentrations of fructose and glucose 14 increased during ripening in fruit from all treatments including control. No significant 15 differences in fructose concentration were observed in fruit from different treatments 16 after 12 d at 21 ± 1 °C (Fig. 4A ), but glucose concentration was significantly higher in 17 fruit exposed to 10 or 20 µL L -1 NO compared to non-fumigated fruit (Fig. 4B) . The 18 levels of sucrose and sorbitol decreased during the early phase of ripening (3 and 6 d) 19
with a subsequent increase in their concentrations on the 12 th day of fruit ripening, 20
and their concentrations were significantly higher in fruit exposed to 0 and 5 µL L NO concentrations were not significant (P ≤ 0.5) on the 9 th and 12 th day at 21 ± 1 °C. 1
Fruit fumigated with NO gas had significantly (P ≤ 0.5) lower SSC: TA ratio than 2 non-fumigated ones, suggesting retarded fruit ripening. A significant improvement in 3 the SSC: TA ratio was observed during fruit ripening for 12 d (data not shown). 4
A minor decrease in SSC of fruit for all treatments was observed after 5 weeks 5 of storage period, followed by a slight increase for fumigated fruit and a further 6 decrease for non-fumigated fruit after 6 and 7 weeks (Fig. 3B) . weeks. Statistically, treatment effect on the totals sugars concentration in stored fruit 10 was non-significant (data not shown). Nevertheless, NO-fumigation had a significant 11 effect on the individual sugars profiles of fruit. Fructose and glucose concentrations 12 increased significantly during cold storage in all treatments, but the increase in 13 fructose was much higher in non-fumigated fruit compared to fumigated ones (Fig.  14   4E ). Glucose concentration was found significantly higher in fruit fumigated with 10 15 and 20 µL L -1 NO compared to those fumigated with 0 and 5 µL L -1 NO after 5 and 6 16 weeks of storage, but the differences in glucose levels were smaller after 7 weeks 17 (Fig. 4F) . Regardless of treatment, a significant reduction in sucrose concentration 18 was observed in fruit during cold storage (Fig. 4G) . NO-fumigated fruit retained 19 slightly higher sucrose concentration after 5 weeks of storage than non-fumigated 20 fruit, but the differences were statistically significant. Sorbitol concentration also 21 decreased during storage, but its concentration was significantly higher in non-22 fumigated fruit than fumigated ones (Fig. 4H) . 23 NO-fumigated fruit retained TA better than non-fumigated fruit during storage 24 for 5, 6, and 7 weeks (Fig. 3D) . TA content decreased during 5 d ripening after cold 25 storage; however, the fumigated fruit still had comparatively higher TA than non-26 14 fumigated fruit. As a consequence of reduction in TA, an increase in SSC: TA ratio 1 was observed both during storage and ripening (data not shown). 2 3
Chilling injury (CI) 4
CI symptoms in the form of flesh browning and translucency were manifested 5 immediately after cold storage and also after 5 d of fruit ripening at 21 ± 1 °C. The 6 severity of CI increased during fruit ripening after cold storage (Fig. 5A) . All NO-7 treatments significantly (P ≤ 0.5) reduced the CI symptoms during storage and 8 ripening (Fig. 5A ). Fruit exposed to 10 and 20 µL L -1 NO concentrations exhibited 9 significantly lower CI index during storage and ripening after 5 and 6 weeks than non-10 fumigated and those fumigated with 5 µL L -1 NO. However, the NO-fumigation was 11 more effective in alleviating CI symptoms after 5 and 6 weeks of storage than after 7 12 weeks of storage at 0 °C. The subjective evaluation of CI index was further confirmed 13 by measuring the flesh chromaticity L* values of the stored fruit. Fruit suffered from 14 CI exhibited a lower flesh chromaticity L* value, either due to flesh browning or 15 translucency, than the healthy or fruit with minor injury (Fig. 5B) . 16 17
Decay incidence 18
Fruit were not given any postharvest fungicide treatment in order to observe any 19 beneficial effect of NO-fumigation. NO-fumigations (10 and 20 µL L -1 ) were very 20 effective in reducing the decay incidence in 'Amber Jewel' plums (Fig. 6) . During the 21 first 9 d at 21 ± 1 °C, the decay incidence in fruit exposed to 0, 5, 10, and 20 µL L 
